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(54) Sample imaging device 

(57) An imaging device (1 0) for biocliemical or med- 
ical samples, the pulse mode light source (15) of which 
incorporates flash lamps (27) and a rotating mirror (28) 
in an inclined position, the said mirror reflecting the light 
emitted by each flash lamp In turn along the same optk;al 
path to the sample (17). The flash lamps (27) are 
switched on alternately in phases and synchronised with 
the rotating mirror (28) and the emission light chopper 
(1 3), which comprises two rotating discs (1 3a, 1 3b). The 
turning mirror (21) directs the light at the sample (17) 
from above and/or below, in which case a double-acting 
transparent scattering plate (20) can be used. 
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Description ^^^^ 

OBJECT OF THE INVENTION 



[0001] The object of the present invention is a system s 
for measuring biochemical and medical samples, the 
said measuring being carried out by imaging. The ob- 
jects of imaging are mainly regular macro-size sample 
matrices, gels, Petri dishes or completely free-form 
samples, such as, for example, biological sections. The io 
signal to be imaged is ultraviolet light, visible region 
light, or infrared light. 
Light-producing mechanisms are: 

1 ) luminescence, such as chemiluminescence and 
bioluminescence, in which case the light produced 
by each sample at different points of the sample is 
measured, 

2) fluorescence, in which case the amount of emis- 
sion light produced by special excitation light at dif- 20 
ferent points of the sample is measured, and in ad- 
dition 

3) the amount of reflection, scattering, or absorption 
at different points of the sample, resulting from the 
illumination of the sample. 2S 

PRIOR ART 

[0002] In known measuring devices many different 
types of sample plates are used, in which the number 30 

of wells may vary considerably In a conventional sam- 
ple plate there are, for example, 96 sample wells, in 
which case the amount of solution required for each well 
Is 200 \il Another typical number of wells is 384 wells 
in a sample plate, in which case the amount of the so- 3S 
lution required for each well is, for example, 200 |il. Al- 
though these amounts are small as such, in cases 
where, for example, 100 000 samples are measured 
during one sample run, the overall costs are considera- 
ble. It obviously makes a marked difference whether 50 40 
\i\ of liquid or 1 ^1 of the same liquid is used for one sam- 
ple, which may, for example, be a single patient sample. 
The costs relating to the consumption of liquid are di- 
rectly proportional to the volume used. In the course of 
measurements, during one set of sample measure- 4S 
ments. that Is, a sample run, considerable amounts, i.e. 
several litres of used solution is produced, the said so- 
lution often being hazardous waste. The residues of so- 
lution often contain radioactive and/or toxic chemical 
compounds. When numerous sample runs are per- so 
formed daily (on parallel equipment and in different lab- 
oratories), the amount of toxic solution waste produced 
is considerable. Thus there are obvious reasons to re- 
duce the amounts of solution significantly, that is, in 
practice to reduce the sample well volume. ss 
[0003] To reduce the amount of liquid and to speed 
up measurements, sample plates with 864 wells are 
now being used in several measuring devices, in which 



case the amo^^V solution required is, for example, 
about 10 |il. The aim has, however, been to reduce the 
size of the wells even further. There now already exist 
sample plates with 1 536 wells in which the amount of 
solution required is now only 5-10 ^1, and possibly even 
as little as 1 jil. In the near future the number of wells 
will increase further - sample plates with e.g. 9600 wells 
are being tested in laboratories. 
[0004] Reducing the size of the sample wells has, 
however, caused problems, because a small-volume 
sample requires much better and more efficient meas- 
uring properties of the measuring device. Known devic- 
es do not usually meet these requirements without ex- 
tremely complex constructions, or else their measuring 
times are unacceptably bng, which affects the reliability 
of the measuring results and which also makes the use 
of parallel equipment compulsory in order to obtain a 
reasonable overall measuring time for the set of sam- 
ples. 

[0005] In luminescence and fluorescence measure- 
ments, the aim of reducing the volumes of the wells re- 
sults in the amount of light from the sample well decreas- 
ing In proportion to the volume of the well. In lumines- 
cence measurements this means that either the meas- 
uring time must be extended correspondingly, or more 
sensitive measuring devices than the conventional ones 
have to be used. In fluorescence measurements the sit- 
uation is different; the amount of fluorescent light pro- 
duced is proportional to the efficiency, that is, intensity 
of the light of the excitation light. Especially when oper- 
ating within the linear range of fluorescence, where the 
yield of emission light is directly proportional to the 
amount of excitation light, by doubling the intensity of 
the excitation light, for example, the amount of the emis- 
sion signal obtained from the sample, that is, the amount 
of fluorescent light from the sample will also be double. 
In a measuring situation such as this it is obvious that 
the aim will be to increase the intensity of the excitation 
light considerably, so that shorter measuring times can 
be used. 

[0006] In traditional fluorometry, one sample well is 
measured at a time. In such a case, the excitation light 
originating, for example, from a xenon flash lamp, Is di- 
rected by means of focusing optics directly at the sample 
solution contained in one sample well. Each sample well 
is measured separately and In the same manner as the 
previous one. 

[0007] In imaging, however, the situation is complete- 
ly different. In this case, where the aim is to image all 
sample wells at the same time, the excitatk>n light is di- 
rected at all the wells simultaneously The easiest way 
to do this is by illuminating the entire sample plate with 
excitation light at one time. However, as the size of the 
sample plate may, for example, be 80 mm x 120 mm, 
and the surface area of one well in a single plate com- 
prising 1 536 wells may be 1 .5 mm x 1 .5 mm, it is obvious 
that in order for the imaging to be successful, consider- 
ably more excitation light is required for imaging than for 
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fluorometry, if tli9mKring times are to be of tlie same 
magnitude. 

[0008] From this it follows that in fluorescence meas- 
urement it is difficult to obtain sufficiently powerful exci- 
tation light in the sample plate area, that is, In each sam- s 
pie well. It is also desirable that the uniformity of the ex- 
citation light field, that is, its intensity distribution over 
different parts of the sample plate should be as unifomi 
as possible. The overall sensitivity of the measurement, 
that is. how small a specific part of a sample will be de- io 
tected. Is determined by that point in the excitation field 
which has the lowest intensity. 
[0009] A continuous light source, for example, an arc 
lamp or a halogen lamp or any other device generating 
light continuously, is sufficient for prompt fluorescence, 
However, for time-resolved fluorescence a pulse mode 
light source is required, for example, a flash lamp or a 
pulsed laser. The length of the light pulse is of decisive 
importance for the sensitivity of the device, a property 
which in turn depends on the decay time of the fluores- 20 
cence in the sample. 

[0010] A pulse mode light source may be one of the 
folbwing: 

a) a flash lamp 

b) a pulsed laser, such as the combination of an Xe- 
Cl excimer laser and a dye laser or, for example, a 
nitrogen laser' 

c) a combination of a continuous light source and a 
light chopper; continuous lamps include an arc 30 
lamp, a halogen lamp, a continuous laser, and other 
lamps that produce light continuously 

[0011] For example, the light of an arc lamp is inter- 
rupted by means of a light chopper in the excitatlon/tllu- 3S 

mination path. In practice, the operation of this type of 
combination is rather ineffective, depending, however, 
on the application. 

[001 2] Time-resolved fluorescence is achieved by us- 
ing a combination in which the light source is a pulse ^ 
mode lamp and the camera acting as detector can be 
gated. The gating of the camera is a rapid shutter func- 
tion. This is required because the illumination path lead- 
ing to the camera must be shut at the moment when the 
light source flashes. It is only after this that the illumina- 
tion path of the camera is opened. In practice, the gating 
of the camera can be done mainly by means of the fol- 
lowing combinations of devices: 

a) a sensitive camera, in front of which is a mechan- so 
ical light chopper, 

b) a sensitive camera, in front of which is a liquid 
crystal shutter device, which is triple if necessary. 

c) an intensified charge coupled device camera 

d) a gatable camera ^ 

[0013] In prompt fluorescence, it is possible to use a 
powerful lamp, because it applies spectral filtering. Ex- 



citation light an^^rescent light, which are at different 
wavelengths, can be separated from each other by 
means of a spectral fitter. A disadvantage of prompt flu- 
orescence is, however, that prompt fluorescence also 
easily comes from other fluorescent parts of the sample 
than from the fluorescent tracer being measured. This 
type of fluorescence at another point typically emits light 
over a wide wavelength region, which means that it is 
also emitted in the emission wavelength of the fluores- 
cent tracer being measured. Since the optical filter in 
front of the camera has been selected according to the 
wavelength of the tracer, prompt fluorescent light origi- 
nating from another single point than the tracer being 
measured can also enter the camera. In the image, 
these points may overlap, which sometimes makes it im- 
possible to say, when analysing and obsen/ing the im- 
age, whether the signal comes from the fluorescent trac- 
er being measured or from other interfering fluorescent 
light in the sample, which causes a background signal. 
Another disadvantage of prompt fluorescent innaging is 
that excitation light may also enter the camera, which 
causes more interfering background signals, which fur- 
ther reduces the measuring sensitivity of the measure- 
ment, that is, imaging. 

[0014] In the imaging device relating to the invention, 
which does not apply time-resolved imaging as in 
prompt fluorescence and luminescence imaging (anoth- 
er embodiment), there is a dimmer in place of the chop- 
per 13. In this case the optics also incorporate a me- 
chanical shutter controlled electrically, pneumatically or 
otherwise, or a liquid crystal shutter device to shut the 
illumination path leading to the camera before the imag- 
ing signal is read electrically on the ccd matrix of the 
camera, which signal is formed into a digital image. 
[0015] For imaging time-resolved fluorescence, a 
light chopper is needed in front of the detector, that is, 
in this case a sensitive, cooled ccd camera, by means 
of which the emission light path is interrupted for the 
short interval during which a short fluorescent excitation 
light pulse originating from a pulse mode light source is 
directed at the sample. After this the light chopper opens 
the illumination path leading to the camera to allow the 
passage of the long-living fluorescent light emitted from 
the sample to the camera. The chopper may, for exam- 
ple, be a mechanical rotating light chopper or a liquid 
crystal shutter device (LCD), which is most preferably 
located on the aperture plane of the imaging optics, 
which means that light chopping takes place in a con- 
trolled manner, without disturbing shadows or dark are- 
as or other irregularities attributable lighting, .being 
formed in the image. 

[0016] If a separate light chopper is not used, time- 
resolved imaging can be performed by using an Inten- 
sified Charge Coupled Device (ICCD) camera. 
[0017] It has been shown in practice that time-re- 
solved (TR) fluorescence measurement is advanta- 
geous in many respects. If sufficiently short and power- 
ful excitation light intensity is obtained for the sample in 
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this measuremenri^Wfe will also be sufficient time for 
measuring fluorescence after the excitation light has 
been switched off. However, for the above reasons, the 
reduced size of the sample wells and the increased 
number of wells have caused problems. s 
[0018] It is difficult to obtain uniform and sufficiently 
powerful excitation lighting over the entire sample plate 
area. At the same time, the exposure time should nev- . 
ertheless be short enough to enable efficient measure- 
ment Immediately after the excitation light has switched io 
off. Long measuring times are unacceptable because in 
such a case the measuring device is too ineffective in 
practice. 

[001 9] Increasing the power of the excitation lamp has • 
not provided a solution to this problem, because the 
pulse length of a powerful lamp is relatively long, for ex- 
ample, about 300 |is. The excitation fluorescence of 
many fluorescence measuring agents is halved already 
about 200 \is after excitation, and thus the fluorescent 
light is covered under the excitation light. 20 

Differences between cameras 



[0020] 



Imaging lens systems 

[0023] The question here is, therefore, of imaging at 
a fairly considerable downscaling-ratio, that is, about 1 : 
5, because the size of the sample plate Is about 80 x 
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1 . Cooled CCD camera, that is, c-CCD (= cooled 
Charge Coupled Device): good resolution, wide dy- 
namic range, good sensitivity difficult to gate 

2. Intensified Charge Coupled Device or ICCD cam- 
era: limited resolution, limited dynamics, good sen- so 
sitivity. easy to gate. 

[0021] The lens systems used in connection with ex- 
citation light sources also cause problems when the size 
of sample wells Is reduced. Nonmally, the light emitted 3S 
from the lens disperses so that the beams of light enter 
the sample well at an oblique angle, which means that 
the sample wells in the centre of the sample plate are 
obviously illuminated in a different manner than the 
sample wells at the edges of the sample plate. 
[0022] The efficiency of hneasurement is also im- 
paired by the fact that as the number of sample wells 
increases, the intermediate walls of the sample wells 
make up an increased relative proportion of the sample 
plate surface area. From this follows that the sample flu- 4S 
id in the sample well obtains too small a proportion of 
the excitation light. To achieve uniform and sufficiently 
intensive excitation lighting, the light beams must enter 
the sample well at a sufficiently small angle. According 
to one embodiment, a small entry angle of the excitation so 
light beams is obtained by positioning the light source 
sufficiently far away from the sample. 
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120 mm and tn^^l of the ccd matrix is. for example, 
25 X 17 mm with current technology It is easy to calcu- 
late the above-mentioned dowriscaling ratio on the ba- 
sis of these figures. It would be more advantageous if 
the downscaling required for imaging were not so great, 
but closer, for example, to the ratio 1 :2. However, ccd 
matrices are not widely available commercially in other 
than the above magnitude. It is, however, likely that the 
situation will change in the near future, which means that 
imaging will become more efficient from the point of view 
of riieasuring technique. 

[0024] When imaging a sample, an image of the sam- 
ple is formed on the camera on the basis of the emission 
light (luminescence, fluorescence, absorbancy) emitted 
by the sample. When using conventional optk;s such as 
a conventional objective camera lens, the parallax error 
of imaging is considerable due to the downscaling ratio 
used. In such a case the edges of the sample plate are 
imaged much less effectively than the sample wells in 
the centre of the plate. In order to be able to eliminate 
this drawback and to maximise the collection of light, a 
telecentric lens system should be used in imaging. In 
this case the sample wells in the centre and edges of 
the sample plate are imaged with equal efficiency. 
[0025] According to a dictionary of optics, a telecentric 
lens is: "a lens in which the aperture stop is located at 
the front focus, resulting in the chief rays being parallel 
to the optical axis in the image space, i.e. the exit pupil 
is at infinity" (The Photonics Dictionary, 1993: Telecen- 
tric Lens). 

[0026] For reasons relating to the basics of optical de- 
sign, the lens system which collects light from the sam- 
ple plate area must be designed so that at least two 
types of glass with different refractive indices are used. 
Moreover, good resolution Is required of the optics, 
since the sample weds are imaged in small size on the 
camera. This means that the telecentric lens system 
has, for example, about 20 separate lens elements or 
even more. 

[0027] From this it follows in turn that the total trans- 
mittance of the lens system is limited mainly to the vis- 
ible area, that is, the wavelength 400 - 800 nm. In order 
to be able to utilise the total transmittance of the said 
lens system, the lens elements must in practice be coat- 
ed with Anti Reflex coating film (AR-coatIng). If the said 
AR-coating films were not used, total transmittance 
would remain rather low. 

KNOWN AREAS OF APPLICATION 

[0028] In the NTS method, the use of fluorescent label 
molecules is restricted by the large number of samples; 
measurement results remain unreliable when using 
fluorometers because with large numbers of samples 
the output of the excitatiori larrips decreases, resulting 
in the need to service instruments even during opera- 
tion. If, however, a combination consisting of several 
flash lamps is used, the lamp unit will be sufficiently pow- 
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erful and the 
be sufficiently long. 



ir changing the lamp bulbs will 
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AIM OF THE INVENTION 

5 

[0029] The aim of the invention is to achieve a versa- 
tile and efficient imaging device for luminescence, 
prompt fluorescence, time-resolved fluorescence, and 
absorbancy, that is, as for transmittance and photomet- 
ric measurements. io 
[0030] The aim is to carry out mainly the following 
types of measurements with the device relating to the 
Invention : 

1. Prompt fluorescence is 

2. Time-resotved fluorescence (TR fluorescence) 

3. Fluorescence polarisation 

4. Luminescence, such as chemiluminescence and 
electroluminescence 

5. Absorbancy 20 

6. SPA (= Scintillation Proximity Assay) 

ADVANTAGES OF THE DEVICE RELATING TO THE 
INVENTION. 

25 

[0031] The present imaging device provides a solu- 
tion to the problem of how to realise a sufficiently pow- 
erful lamp unit which produces a sufficiently short light 
pulse. This type of unit comprising several flash lamps 
is the only possible lamp for many time-resolved fluo- 30 
rescence measurements. One example of these is ho- 
mogeneous fluorescence assay LANCE, which is a 
trademark of Wallac Oy. No such powerful lamp is 
known with which measurement can take place within a ~ 
sufficiently short measuring time. The measuring time 35 
should be short, e.g. 2 minutes, in order for the total 
measuring time in High Throughput Screening to be ac- 
ceptable. The total number of samples in one HTS run 
may be, for example, 100 000 samples, that is, sample 
wells. Measuring such a large number of sample wells 40 
by traditional fluorometrlc means would take an ex- 
tremely long time. The amount of hazardous waste pro- 
duced would also be considerably higher. A combination 
of a powerful pulsed laser and a dye laser could in prin- 
ciple be used, but it is an unnecessarily complex and ^ 
uneconomical device which is also difficult to serwice. 
[0032] The intervals for changing the lamp bulbs of 
the light source become extremely long when a lamp 
combination consisting^of flash lamps is used. This is of 
considerable importance in HTS runs where the aim is so 
to minimise the number of stoppages. When using con- 
ventional continuous, that is, continuous wave lamp 
units, for example, mercury or xenon arc lamps or hal- 
ogen lamps, the lamp changing intervals are without ex- 
ception too short considering the demands of HTS S5 
screening. One of the few possible solutions when using 
continuous lamps would be that the lamp could be 
changed automatically, but it is rather difficult to arrange 



this to function^^^iy. 

[0033] The device relating to the invention combines 
the absorption measurements of both the near ultravio- 
let region and of visible light, or, vice versa, transmit- 
tance measurements, that is, in practice photometric 
measurements: the absorption of near UV is required 
especially in the applicant's LANCE measurements. Ab- 
sorption measurements in the visible region are in the 
nature of standards in terms of measuring technique. 
[0034] The difficulties in using both absorption 
modes, such as near UV and visible region light mainly 
concern optics. It is almost impossible, or extremely un- 
economical, to construct a telecentric lens with such a 
high light-collecting efficiency that would transmit effec- 
tively the wavelengths of both near UV and visible region 
light. Typically, a lens system which collects light effi- 
ciently and has good resolution can be made either in 
the near UV region, or altematively in the wavelengths 
of visible light. This means that typically only absorption 
imaging in the visible region or absorption in the near 
UV light region are possible. In the application relating 
to the invention, on the other hand, a special scattering 
plate is used by means of which both near U V and visible 
light absorption measurements can be imaged. 
[0035] The light source solution relating to the inven- 
tion is advantageous for measuring numerous samples 
done by imaging, for example, especially in demanding 
applications such as HTS screening and both time-re- 
solved and prompt fluorescence measurements. The 
device Is able to image absorption measurements effi- 
ciently both in the near UV light region, that is, in 300 - 
400 nm, and in the visible region, that is, 400 - 800 nm. 
[0036] The size of a commonly used sample plate is 
120 x 80 mm, which is imaged at one time, and a digital 
image is produced from it. In the example device, a sam- 
ple area as large as 240 x 160 mm can be imaged in 
four parts one after another. The four images obtained 
in this way are combined into one by means of software. 
The sample may otherwise be of any shape, so long as 
it meets the boundary dimensions of the example situ- 
ation. The amount of light produced by the sample and 
the desired resolution of details are decisive as regards 
the imaging efficiency of the device. The thickness cho- 
sen for the sample in this case equals plate thicknesses 
within the range of 0... 30 mm. 
[0037] In the device relating to the invention there are 
the following possible ways of illuminating or exciting the 
sample: 

1. The sample can be Illuminated and/or excited 

from above and/or below. 

2. The sample can be imaged from above or below. 

For measuring (imaging) the sample plate from below, 
the device is tumed upside down. 
[0038] Properties of the illumination system relating 
to the invention: 
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1 . High av^TS^^Val pulse power 

2. Narrow pulse width, which is required in the em- 
bodiment used as an example 

3. The use of several lamps makes it possible to 
select the pulse energy of a single lamp so that the s 
fluorescent sample will not become saturated. If a 
single lamp with high pulse power were used, the 
sample might become saturated, which would 
mean a sharp drop in the sensitivity of detectbn.* 

4. The use of several lamps also means that even io 
if there should occur a fault in a single lamp, the 
overall efficiency remains almost unchanged in pro- 
portion to the number of lamps. 

5. Using several pulse mode lamps also means that 
the intervals for changing the lamps are extremely is 
long, for example, about six months. This is due to 

the fact that a pulse mode lamp is switched on only 
when it is really used. There is no wastage. 

[0039] If, for example, a continuous arc lamp is used 20 
instead, the lamp will have to be changed at least at one 
month intervals. This is due to the fact that a continuous 
lamp is switched on all the time, that is, also when there 
is no sample in the sample space. It is not worthwhile, 
nor possible, to switch a continuous lamp off for example 2S 
for a 15 minute waiting period, because the lamp 
reignites slowly due to the increase in the internal gas 
pressure inside the lamp, which is due to the warming 
up of the lamp following its use, this making it difficult, 
or even impossible, to reign ite the lamp . In addition, sta- 30 
bilising the arc lamp, that is, stabilising its power within 
a desired wavelength region cannot be performed suc- 
cessfully if the lamp is switched on and off, for example, 
at 15 minute inten/als. 

[0040] A powerful light source is required in order for 3S 
fluorescence measurement to be efficient. According to 
one embodiment, sufficiently strong excitation light is 
produced by using several lamps for the illumination, 
which can be switched on either simultaneously or suc- 
cessively by phasing. 40 
[0041] If the lamps are switched on simultaneously, 
the simplest way is to position all the lamps in such a 
way that they can be directed towards the centre of the 
sample plate, and arrange the travel of the tight beams 
by means of lenses so that the illuminating beams emit- ^ 
ted from the lamps are distributed evenly across the en- 
tire sample plate from each lamp separately, but at the 
same time. 

[0042] According to one embodiment, the lamps are 
situated on the circumference of a circle and their light so 
is directed towards the centre of the circle, where there 
is a polygon mirror. In the polygon, there is an individual 
reflection plane for each lamp, the said plane reflecting 
the light beams of the lamp towards the centre of the 
sample plate. By means of the lenses, the light Is dis- ss 
tributed evenly over the entire sample plate area. 
[0043] If the lamps are switched on successively by 
phasing, according to one ernbodiment the lamps are 
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also situated d^^Vcircumference of a circle and their 
light is directed towards a rotating, for example, ellipse- 
shapekJ mirror in the centre of the circle. The rotating 
- mirror is in an inclined positbn, for example, at a 45 de- 
gree angle, so that when.the mirror rotates, it reflects 
the light from each flash lamp in turn onto the sample 
plate, preferably along the same optical path. This is im- 
plemented by triggering each flash lamp at the precise 
moment when the rotating mirror is in such a position 
during its movement that the illuminating beam emitted 
from the flash lamp at the monient of triggering strikes 
the. reflecting surface of the rotating mirror so that the 
light beams are directed further towards the sample 
plate. The speed of rotation of the rotating mirror should 
not be too high, so that the random time lag resulting 
from the minor natural inaccuracy of the triggering mo- 
ment between the triggering event and the flash of light 
from the lamp will not hinder the travel of the light beams 
in the desired optical path towards the sample plate. 
While the mirror is still rotating towards the next flash 
lamp, this lamp is being triggered in the same manner 
as the previous lamp and the light beams from this next 
lamp are directed in the same manner as above towards 
the sample plate. This function takes place at each in- 
dividual flash lamp while the mirror is still rotating, with 
the result that during one full rotation of the rotating mir- 
ror, each flash lamp is triggered once, that is, each of 
the lamps has flashed once at precisely the appropriate 
moment, which corresponds to that point on. the rota- 
tional angle of the mirror at each individual lamp, where 
the light beams are directed towards the sample plate. 
[0044] The function described above only succeeds 
when pulse mode light sources are used which can be 
triggered. In such a case each flash lamp is controlled 
at full power which means for each individual lamp that 
the electric pulse fed to each individual lamp is exactly 
as high as the frequency complying with the rotation of 
the rotating mirror, that is, as high as the frequency, or 
cycle time, allows for each individual lamp. For example, 
if the speed of rotation of the rotating mirror is 6000 rpm 
(roots per minute), that is, one rotation lasts for 10 mil- 
liseconds, and if a lamp unit using, for example, eight 
flash lamps is used as a light source, in that case each 
of the eight Iamj3s is triggered at 1 0 millisecond intervals, 
each at the precise moment when the rotating mirror is 
at the individual lamp in question. Since each individual 
lamp is triggered at 10 ms intervals, this means that 
each lamp is triggered 100 times per second, that is, at 
a frequency of 100 Hz. In the device application relating 
to the example a flash lamp with a maximum permitted 
average power of 50 watts (W) is used. In such a case, 
when the lamp is used at a frequency of 1 00 Hz, this 
means that 0.5 joules of energy is supplied to the lamp 
at each triggering. The said amount of energy is thus 
supplied to each lamp separately at the precise moment 
which corresponds to that point on the rotational angle 
of the rotating mirror at which it is at the individual lamp. 
Thus, in this example, each individual lamp is supplied 
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with 100 Hz, tHimBPTntervafs of 10 mifliseconds, 0.5 
joules energy is supplied to each lamp, which corre- 
sponds to an average power of 50 watts per each lamp 
separately. From this follows that the overall output of 
the lamp system as a whole Is on average eight times s 
50 watts, that is, 400 watts. The overall output is, there- 
fore, directly dependent on the total number of lamps. 
[0045] In practice this means that each lamp Is con- 
trolled, or triggered, with the highest average power per- 
mitted, that is, with 50 W. Due to the movement of the io 
rotating mirror, each of the eight- lamps In the lamp unit 
can be used at the full power permitted. In this way an 
average power output of 400 watts is produced by the 
system of eight lamps relating to the example. 
[0046] The length of the pulse of a flash lamp is mainly 
only about 1 microsecond. However, the light pulse has 
a "tair extending up to about 50 microseconds, the said 
tail limiting the sensitivity of measurements when the 
aim is to achieve extreme sensitivity. The operation of 
the flash lamp can be made more efficient by Incorpo- 20 
rating a so-called "tail light chopper" in the lamp unit. In 
that case each excitation light pulse should be short- 
ened by positioning a device which functions like a fast 
shutter in front of the lamp, in prder to cut off the exci- 
tation illumination path after each excitation light pulse. 2S 
Thus, if the operation of this type of chopper were rapid 
enough, the light tail of the lamp could be cut, for exam- 
ple, 3 |is after the moment of triggering the lamp, and in 
this way the flash lamp would produce an excitation light 
pulse lasting at longest 3 ms in total, which would extend 30 
the scope of application of the said lamp. 
[0047] When measuring the fluorescent homogene- 
ous sample referred to In the invention, it is sufficient if, 
for example, the light tail of the lamp is cut off about 30 
|is from the moment of triggering the lamp, 3S 
[0048] The tail light chopper can be implemented in 
several ways. Its operation can be combined with the 
operation of the rotating mirror, in such a way that if the 
rotating mirror rotates fast enough, due to this move- 
ment of the mirror, the tail of the light pulse is cut off 40 
timewise as the rotating mirror rotates further towards 
the location of the next lamp. In time-resolved measure- 
ments it is also important that enough time remains after . 
excitation for measuring the emission signal before the 
next excitation pulse is directed at the sample. The ro- ^ 
tating mirror can be rotated faster, in which case the cut- 
ting of the light tail becomes more accurate. In such a 
case it may, however, be more advantageous if the next 
lamp being triggered is the one after the next (in other 
words, every other lamp In the lamp system is triggered), so 
in order to utilise the emission light of the fluorescence 
in an efficient manner In this case there should prefer- 
ably be an odd number of lamps in the lamp system, so 
as to make use of all the lamps. If there is an even 
riumber of tamps in the unit and the type of lamp trigger- ss 
ing method described is to be used, care should be tak- 
en that the even number of lamps to be triggered is al- 
ternated at regular intervals. The selection can be auto- 



12 



mated by mea^^Hi electric coupling. This means that 
in a system comprising eight lamps, four lamps (such 
as, for example, lamps 1 , 3, 5 and 7) are triggered first, 
and then after a regular interval, the remaining four 
lamps (that is, lamps 2, 4, 6 and 8 would be due to be 
triggered). When the group of lanrips to be triggered is 
changed at regular intervals, all the lamps are used up 
evenly. 

[0049] The structure of the lamp unit is not limited by 
the requirement of having an even or odd number of 
lamps. 

[0050] The lamps in the lamp , unit can also be trig- 
gered in other ways. The order of triggering can in itself 
be selected freely, because the selection is done by 
means of an electric circuit coupling or the program 
command of a computer processor, or a combination of 
these, and because this may give the advantage that 
the method of use, or the point of operation of an indi- 
vidual lamp can be made more appropriate considering, 
for example, the lamp's service life or its UV light pro- 
duction, than by triggering the said lamps in strict order 
as described above. 

[0051] Structurally, the tail light chopper may also be 
a separate mechanical light chopper which is located 
after the lamp so that the length of the aperture or the 
lengths and shapes of the apertures in it determine the 
true length of the light pulse. This type of tail light chop- 
per is timed, that is, synchronised with an emission light 
chopper and the rotating mirror situated in the lamp unit, 
so that these operate together in a synchronous man- 
ner. 

[0052] It is not worth using the rotating mirror system 
if continuous light sources are used as lamps. This is 
simply due to the fact that when the mirror rotates, and 
when each lamp is switched on all the time (because in 
such a case it would be a question of using continuous 
wave lamps, that is, continuous lamps), every time that 
the mirror is not exactly at the individual lamp, the optical 
power will be directed past the mirror most of the time, 
and thus not at the sample. On the other hand, if a fixed 
mirror polyhedron was to be used instead of the rotating 
mirror, in such a case both pulse mode and continuous 
light sources could be used. In that case the overall serv- 
ice life of the continuous light sources would naturally 
also depend on the number of lamps in the system, be- 
cause whenever the service life of one continuous lamp 
came to an end, a new lamp would be switched on and 
operation could continue uninterrupted while the lamp 
was being changed. 

[0053] The mechanical light chopper in front of the 

camera and on the emission light path must be synchro- 
nised with the movement of the rotating mirror in the 
lamp unit. The rotating mirror and the emission light 
chopper will then always at a certain phase rotate with . 
respect to each other. Phase locking is performed elec- 
tronically by means of the synchronising pulses ob- 
tained from the emission light chopper and the rotating 
mirror. The synchronising pulses are obtained from op- 
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to-electronic TeSS&Ufcr so-called N-coders, which ro- 
tate with the emission light chopper and the rotating mir- 
ror, if a tail light chopper is in addition used in front of 
the lamp, this also gives synchronising pulses according 
to which the electronic unit guides the operation of the 
rotating means in a controlled manner. 
[0054] In the solution described, the sensitivity of lu- 
minescence has been maximised, taking into account 
the requirements of structural simplicity. The result is af- 
fected by the structures of the large and small telecentric 
lenses, their coatings and the properties of the camera. 
For the duration of luminescence measurement, the mir- 
rors in the mirror unit 22 are moved away so as not to 
obstruct the illumination path leading to the detector 11 , 
and the filter wheel containing filters which is in the filter 
unit 1 2 is nrioved into such a position that there are either 
no filters in it or else there is a special luminescence 
filter. The rotating discs of the light chopper 13 are 
moved by means of the motors rotating the discs and 
the electric circuit coupling controlling the motors, into 
such a position that the illumination path leading to the 
detector 1 1 is unobstructed. 

LIST OF FIGURES 

[0055] The invention is described in the following by 
means of examples, with reference to the appended 
drawings in which 

Figure 1 shows the device relating to the invention 

diagrammatically, as seen from the side. 

Figure 2 corresponds to Figure 1 and shows a sec- 
ond embodiment of the device. 

Figure 3 shows diagrammatically the shutter of the 
device shown in Figure i. 

Figure 4 corresponds to Figure 3 and shows the 
shutter in another position. 

Figure 5 shows diagrammatically the light source 
of the device shown in Figure 1 , as seen 
from above. 

Figure 6 shows the light source shown in Figure 5 
as seen from another direction. 

Figure 7 shows a diagrammatic section of the sam- 
ple well. 

Figure 8 corresponds to Figure 7 and shows the 
sample well in another situation. 

Figure 9 shows a diagrammatic side view of the ex- 
citation illumination of the sample plate so 
that the travel of the light beams emitted 
from one individual lamp is shown sche- 
matically. 

Figure 1 0 shows a diagrammatic side view of a sec- 
ond erfibodiment of the excitation light 
system where there is a fixed, stationary 
mirror polyhedron In place of the rotating 
mirror. 

Figure 1 1 shovys a detail of Figure 10. 

Figure 1 2 shows the mirror unit of the excitation light 
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'shown in Figures 10 and 11. 
Figure 1 3 shows a third embodiment of the excita- 
tion light system, which is simple, but not 
as compact as a system which uses a sol- 
s id dividing mirror. 

Figure 14 shows diagrammatically the principle of 

measuring fluorescence. 
Figure 1 5 shows digarammatically an excitation and 
measuring principle. 
10 Figure 16 shows diagrammatically an excitation illu- 
mination principle. 
Figure 1 7 shows diagrammatically another measur- 
ing principle. 

IS DESCRIPTION OF THE FIGURES 

[0056] Figure 1 shows a measuring device according 
to one embodiment for measuring, or in this context for 
imaging, different types of samples, such as, for exam- 

20 pie, fluorescent homogeneous assays. The measuring 
device 10 includes a detector 11, an emission filter 
wheel 12 In conjunction with the detector, and a set of 
objective lenses for emission 14. The emission objective 
14 is comprised of sets of telecentric lenses 14 ab and 

25 14c. The set of lenses 14ab comprises two separate 
sets of lenses 14a and 14b. 

[0057] The lens groups 1 4a and 1 4b of the set of lens- 
es 1 4ab are situated on either side of the light chopper 
1 3. Between the lens groups 14a and 14b Is located the 

30 optical aperture plane on which the light chopper 1 3 is 
situated. The imaging unit 36 includes a detector 11 , fil- 
ters 1 2, a light chopper 1 3 and sets of telecentric lenses 
1 4ab and 1 4c. This Imaging unit can be moved in the 
vertical direction to make focusing on samples of differ- 

3S ent heights possible. The camera 1 1 also Incorporates 
a vertical fine adjustment movement 42 for fine adjust- 
ment of focusing. This is required when the emission 
filter is changed, because the light wavelength region to 
be imaged usually also changes, which means that the 

40 Image of the object forms at a slightly different distance 
from the object in each wavelength region. 
[0058] The filter wheel 1 2 can also be replaced by in- 
dividual filters which are located In a slide or a separate 
filter storage unit. This unit may, for example, have 

45 shelves for different filters and a lift or other type of filter 
changing apparatus, which fetches and puts the desired 
filter into place in the measuring device, if required. 
[0059] The measuring device 10 comprises a light 
source 1 5 with several flash lamps 27 and condensing 

50 lenses 30 in front of them. The light from the flash lamps 
27 is taken via the excitation light filter wheel 18 to the 
excitation light objective 1 9 by means of a rotating mirror 
28. The wavelength region of the light emitted by the 
flash lamps 27 is so wide that the desired light wave- 

55 length band, which may be either a U V band or a visible 
region band, can be supplied to the sample by means 
of the excitation light filter wheel 18. The desired band 
width is selected by nfieans of a filter. Should polarised 
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light be require^R^^Jfieasurement for exciting or illu- 
minating the sample, the fitter wheel also incorporates 
a polarisation filter, either as a separate filter or com- 
bined (simultaneously) with a band filter. 
[0060] In the excitation illumination path there is also s 
a partly reflecting mirror (e.g. 0.2% reflecting mirror) 33, 
which reflects a small proportion of the light through a 
lens 35 to a feedback photodiode 34. Also, should it be 
desirable to increase the efficiency of lamps' operation, 
a tail light chopper 38 can be used. io 
[0061] The measuring device 10 also includes mirror 
units 21 and 22, fixed mirrors 23 and 24 and, above the 
sample 17, a double-acting transparent scattering plate 
20 for absorption measurement of both visible light and 
UV light. IS 
[0062] The mirror unit 21 is an optical path switch, the 
mirror 21a of which Is hinged and can thus be turned in 
front of the optical path of the excitation light, to an angle 
of 45 degrees. This causes the excitation light to be di- 
rected to the sample plate from above via the mirror unit 20 
22. 

[0063] The mirror unit 22 comprises a dichroic mirror 
22a and a half-transmitting mirror 22b, which are located 
in slides so that they can optionally be moved to the il- 
lumination path or away from it. The scattering plate is 2S 
also located in the slide, and can thus be brought into 
use when necessary. The scattering plate 20 can also 
be moved vertically in order to press it against the sam* 
pie plate 1 7. 

[0064] In the visible light region, absorption takes 30 

place in the sample when the sample is illuminated from 
below. The scattering plate 20 acts as a scattering plate, 
which means that an image of the light that passes 
through the sample is formed on the plate. 
[0065] Since the lens system of a typical imaging de- 3S 
vice does not transmit UV light beams well due to the 
type of glass and the coatings, in the device relating to 
the invention the scattering plate 20 is double-acting, 
the plate acts as a fluorescent light wavelength convert- 
er plate in absorption measurements in the UV region. 40 
which "means that visible light is obtained on the detec- 
tor. Absorption of UV light takes place in the sample, 
which means that the UV light which is able to pass 
through the sample to the converter plate is indirectly 
proportional to the absorption taking place at different 
points of the sample. The intensity of fluorescent light is 
directly proportional to the intensity of the UV light that 
has passed through. 

[0066] Alternatively, the scattering plate 20 used in 
the visible light region is replaced by a separate fluores- so 
cent converter plate when UV absorption is to be meas- 
ured. 

[0067] The sample table 16 of the measuring device 
10 can be moved in both the x and y directions in the 
plane of the sample, so that any sample 17 can be ss 
moved to the detector 11 for assay. For movement in the 
direction of the z axis, the detector 1 1 is equipped with 
a height adjustment means. The structure of the adjust- 



% 

ms isl^^ro 



16 



ment means isl^Hrown in Figure 1 . The sample plates 
are located in the storage unit 31, from where the de- 
sired sample plate 17a can be transferred to the meas- 
uring device for measurement. The bar code reader 32 
identifies the sample plates 17 to be transferred to the 
sample table of the measuring device 10. When the 
sample plate has been moved in the xy direction to the 
detector 11, the light shutter 37 closes, which means 
that the measuring device is light-tight. 
[0068] In Figure 2, the device in Figure 1 is shown up- 
side down. All the measuring methods described above 
are possible with this device. This means that the pipet- 
ting of the sample can advantageously be carried out 
from above, for example, in flash luminescence meas- 
urement (which requires almost real-time pipetting) and/ 
or the excitation of the luminescence of the sample by 
means of electrodes in electroluminescence measure- 
ment. 

[0069] Figure 3 shows diagrammatically the structure 
of the chopper 1 3 of the measuring device 10 shown in 
Figure 1 . In this embodiment the chopper 1 3 comprises 
two rotating discs 13a and 1 3b, which are mainly circu- 
lar. On the edge of each disc 1 3a and 1 3b are formed 
two notches 25 on the opposite edges of the discs. Cor- 
'respondingly, the notches 25 could also be apertures 
formed on the edges of the discs 1 3a and 1 3b. In Figure 
3 the discs rotate in the same direction and they are po- 
sitioned so as to partly overlap. The rotational move- 
ments of the discs 13a and 13b are synchronised with 
respect to each other so that the notches 25 in the dif- 
ferent discs will always meet between the discs. This 
means that the discs 1 3a and 1 3b form a light chopper 
which is used for cutting the emission light path leading 
to the measuring detector 11, for the purpose of time- 
resolved imaging. 

[0070] To increase the speed of rotation of the discs 
further, the shutter may be underpressurised. If neces- 
sary, the underpressurised space is filled with a small- 
molecule gas, such as helium, in which case the friction 
on the discs is bw, that Is, the friction of the gas mole- 
cules against the shutter discs is considerably smaller 
than it would be if the filler gas used in the underpres- 
surised state was air. With lower friction , the rotational 
resistance also decreases and the rotating motor is able 
to rotate the light chopper discs faster and/or more eas- 
ily, and a fast, silent device is obtained. 
[0071] In Figure 3 the chopper 1 3 discs 1 3a and 1 3b 
are shown In such a position that the discs rotate clock- 
wise and the shutter aperture 26 formed by the notches 
25 is about to open. 

[0072] In Figure 4, on the other hand, the chopper 1 3 
discs 13a and 13b are in such a position that the aper- 
ture 26 is already completely open. 
[0073] In the embodiment shown in Figures 3 and 4 
the chopper has two discs 13a and 13b and each of 
them has two notches 25. By means of this structure, 
the 'speed of opening of the aperture 26 formed by the 
notches 25 can be made twice as fast as that of a struc- 
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ture provided wITH^ir shutter disc. It necessary, the 
number of notches 25 in the discs 1 3a and 13b may be 
even greater, for example, three or four. With the chop- 
per structure shown, the time differences required in 
time-resotved fluoresci3nce measurement can be con- s 
trolled accurately between the flashes of the excitation 
light and the time of measurement. The chopper 13 in 
a measuring device 10 Is most preferably located be- 
tween the lens parts 14a and 14b of the emission lens 
1 4. The set of lenses 1 4ab is comprised of two separate io 
lens groups 14a and 1 4b, one of which is located on one 
side of the light chopper and the other on the other side. 
Between the lens groups 1 4a and 14b is the optical ap- 
erture plane of the set of lenses 1 4ab. The light chopper 
is positioned between these sets of lenses 1 4a and 1 4b, 
on the aperture plane. 

[0074] Figure 5 shows diagrammatically an example 
of an embodiment of a light source 15 which comprises 
four flash lamps 27, each of which is also equipped with 
a condensing lens 30. In the centre of the flash lamps 20 
27 there is a mirror 28 which is inclined at an angle of 
45° with respect to the vertical plane, as shown in Figure 
1 . Figure 1 also shows that the mirror 28 is provided with 
a rotating motor 29. When the mirror 28 is rotated, |t is 
alternately In each light path leading from the flash lamp 2S 

27 while It rotates. In such a case the said flash lamp is 
triggered electrically,' which means that the light pulse, 
that is, the illuminating beam of short duration which is 
emitted from the lamp, travels via the mirror surface of 

the rotating mirror, through the filter 18 and the excita- 30 
tion light objective 19 to the mirrors 21 and 22 or the 
mirrors 23 and 24, finally reaching the sample. The trig- 
gering of a single flash lamp is such a rapid occurrence 
that the rotating mirror has time to rotate only very little 
(by a fraction of the angular degree) during the duration 3S 
of the light pulse emitted from the lamp, and thus this 
illuminating beam of short duration but high Intensity has 
ample time to be reflected forward from the mirror sur- 
face of the rotating mirror. 

[0075] Figure 6 shows axonometrically the position- 40 
ing of the lamps 27, condensing lenses 30 and the mirror 

28 with respect to each other when using four lamps. 
[0076] Figure 7 shows a diagrammatic section of a 
sample well in a known device. The figure shows that 

the light beams enter the sample well 39 of the sample ^ 
plate 17 at a relatively wide angle a1. This means that 
the sample wells at different points of the sample plate 
receive different amounts of excitation light / illumination 
light. In Figure 7, the illuminated area is shown diagram- 
matically by shading with oblique lines. so 
[0077] In Figure 8, the beams of light enter the sample . 
well 39 of the sample plate 1 7 according to the excitation 
.illumination method relating to the invention at the angle 
a2, which Is much smaller than that shown in Figure 7. 
This means that the sample wells at different points of ss 
the sample plate receive substantially the same amount 
of excitation light / illumination light. 
[0078] Figure 9 shows a sample plate excitation illu- 
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mination syster^^th applies a known manner of illu- 
mination. Due to this, the illumination of the sample plate 
17 is uniform. The beams of light arrive at the sample 
plate at a small angle a2. 

[0079] Figure 1 0 shows ar? excitation illumination sys- 
tem which consists of a fixed mirror polyhedron 40 in the 
centre of the circle. The light from the lamps 27 is direct- 
ed through the lenses 30 to the mirror polyhedron 40, 
and from there on to the excitation objectives 1 9 specific 
to each lamp, which image the aperture planes of the 
excitation optics on the sample plate 17. 
[0080] Figure 1 i shows a detail of. Figure 10. The an- 
gle of one mirror surface 40a of the mirror polyhedron 
40 Is slightly over 45 degrees. 
[0081] Figure 1 2 shows the mirror polyhedron .40 ax- 
onometrically. 

[0082] Figure 1 3 shows one embodiment for illuminat- 
ing the sample plate 1 7. Above the plate 1 7 are several 
lamps 27 and their optics positioned adjacent to one an- 
other, the lamps being directed towards the sample 
plate 17. 

[0083] Figure 1 4 shows a general fluorescence meas- 
uring diagram. With a sufficiently low intensity level of 
the sample's excitation light is achieved the fact that 
measurement takes place In the linear measurement ar- 
ea 41 . 

[0084] Figure 1 5 shows the difference in principle be- 
tween prompt and TR fluorescence measurements. In 
the figure It can be seen that the excitation light pulse 
should be short in order for TR measurement to be suc- 
cessful. 

[0085] Figure 1 6 shows a comparison of the durations 
of light pulses emitted from different types of flash lamps 
as a function of time. The lifetime curve 43 of a single 
powerful lamp is of long duratnn. The average pulse 44 
obtained with several small lamps is of short duration.. 
[0086] Figure 17 shows the duration of the fluores- 
cence 45 of a sample. Figure 17 shows that the fluores- 
cence has already been reduced to a half by the time 
the light from the powerful lamp has dirnmed in Figure 
16. This means that TR fluorescence measurement 
cannot be carried out efficiently by means of a single 
powerful flash lamp. Figure 1 6 also shows the effect of 
the tall light chopper 46 placed in front of the lamp for 
shortening the length of the light pulse. It has, however, 
been shown in practice that this light chopper does not 
improve the situation. Despite the chopper, a powerful 
lamp causes so much background interference that ef- 
ficient TR measurement cannot be carried out. 

EMBODIMENTS 

[0087] A light source according to a preferred embod- 
iment of the Invention comprises two or more flash 
lamps, and the measuring device comprises a timer for 
switching the lights on simultaneously or timed in phas- 
es as desired. The following advantages are achieved, 
by means of the device relating to the inventbn: 
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a high averSg^^Wfe power of the light source 
narrow light source pulse width, which is required 
in certain time-resolved measurements 
- optical power guarantees sufficiently short measur- 
ing times In fluorescence measurement s 
th(9 intervals for changing the light source bulbs are 
notably long in comparison to a continuous light 
source 

the structure of the light source is economical In 
comparison to other light sou rces with correspond- io 
ing pulse power 

the same device can be used to carry out absorption 
measurements of both the UV region and the visible 
region by Imaging on extremely high-density sam- 
ple plates. IS 

[0088] According to a preferred embodiment of the in- 
vention, the light source of the measuring device com- 
prises a rotating mirror on the different sides of which 
the flash lamps are located so that when the mirror ro- 20 
tates, the light beams from the lamps are directed one 
at a time, and the light beams from all lamps thus once 
during one rotation of the mirror, via the rotating mirror 
at the sample, either directly or through other optical 
means such as mirrors. 25 
[0089] The light source of one preferred measuring 
device comprises eight flash lamps, which are at an an- 
gle of 45° with respect to each other, between which 
lamps a mirror provided with a rotating nriotor and a ver- 
tical rotation axis is placed, the said mirror being inclined 30 
at an angle of 45** with respect to the vertical plane. 
[0090] The frequency of each flash lamp in the light 
source is. for example, 200 Hz. and they are controlled 
to flash at an interval of 0.625 ms with respect to each 
other, so that during a 5 ms period, a total of eight flashes 3S 
of light are obtained. 

[0091] In the light source of the measuring device the 
tamps may also flash simultaneously, in which case the 
directions of the illuminating beams are controlled by 
fixed mirror surfaces instead of a rotating mirror. If, 40 
therefore, the flash lamps are arranged to flash simul- 
taneously, a rotating mirror is not used, but a fixed mirror 
system instead. 

[0092] The measuring device preferably comprises a 
light chopper, which is synchronised with the timer of the ^ 
light source. The chopper comprises, for exampfe, at 
least two rotating discs or the like, on the circumference 
of which, or its vicinity, there is at least one notch or 
opening, and which discs are positioned so as to overlap 
at least partly, so that as the discs rotate, the openings so 
in the adjacent discs form the chopper aperture when 
they meet at the same point. 

[0093] " In one embodiment the chopper comprises at 
least two discs rotatirig in the same direction, the said 
discs being mainly circular and at least two notches or ss 
openings being formed on the edges of both discs, at 
opposite edges of the discs. 

[0094] Equipped with the components shown in Fig- 
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ure 1 , the mead^p^device 10 is a multifunction device, 
with which, for example, the following assays can be 
carried out: 

[0095] In a fluorescence assay, the light emitted from 
the light source 15, which light Is continuous wave light 
or pulse light, is directed towards the sample 1 7 through 
an objective 19 and mirrors 21 and 22. Both a dichroic 
mirror 22a and a half-transmitting mirror 22b may be 
used. Fluorescence measurement is carried out by 
means of a detector 11 and an eniission objective 14. If 
the light source is a flash lamp, the light chopper 18 is 
in that case permanently in the open position. If, on the 
other hand, the light source is a continuous wave lamp, 
an electrically controlled shutter is used In place of the 
light chopper. 

[0096] In the example shown in Figure 1 the light 
source is comprised of four flash lamps 27. which means 
that the Intensity of the light of the excitation light source 
15 is four times greater than with a single lamp. In the 
example case, the flash lamps 27 are arranged to flash 
in phases one after the other, in which case the rotating 
mirror 28 is used to direct the light emitted by the lamps 
27 at the sample 17. Directed via the mirror 28, the light 
beams of all lamps 27 can be directed in turn along the 
same optical path. 

[0097] In time-resolved fluorescence measurement 
the light source 15 is always a pulse mode light source 
(e.g. a flash lamp), the light emitted from which is direct- 
ed towards the sample 17 through an excitation objec- 
tive 19 and mirrors 21 and 22. Depending on the meas- 
urement, either a dichroic mirror 22a or a half-transmit- 
ting mirror 22b is used. In time-resolved fluorescence 
measurement, a light chopper 1 3 and a detector 11 are 
needed in the emission light path when the detector 
used is a cooled CCD camera. If, on the other hand, the 
detector 11 is an Intensified Charge Coupled Device 
camera, or I CCD camera, a gatabte intensified charge 
coupled device camera Is used as a light chopper and, 
no mechanical light chopper is required. 
[0098] In the example shown in Figure 1 , the optical 
power of the excitation light source 15 comprising four 
flash lamps 27. which flash at different phases, can be 
made four times greater than with a single flash lamp. 
[0099] By using separate small flash lamps, the exci- 
tation illumination period of the measuring device can 
be determined much more accurately than by using one 
large lamp, because the illumination time of a small lamp 
is considerably shorter than that of a large one. The 
background interference can also be reduced because 
the lair of a single powerful flash lamp is relatively of 
much longer duration than that of a less powerful flash 
lamp. 

[0100] When measuring, that is, imaging lumines- 
cence, the mirror unit 22 is not in use, and thus the di- 
chroic mirror 22a or the half -transmitting mirror 22b are 
not in use. The scattering plate 20 is not in use either. 
However, filters, a shutter and a dimmer may be in use 
If necessary. 
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[0101] If, for examPir luminescence is measured and 
there is no light chopper in the device, a solid black plate 
Is used as a camera shutter in place of the fitter in the 
filter wheel, by moving which ptate away from the front 
of the camera and correspondingly to the front of the s 
camera, a shutter-like on-off action can be obtained in 
the camera. 

[01 02] In a photometric assay the light emitted by the 
light source 15. which Is continuous wave light or pulse 
light, is directed by means of mirrors 23 and 24 below io 
the sample 1 7. According to the example shown in Fig- 
ure 1 , the light source 1 5 comprises four flash lamps 27 
whk:h flash at different phases in order to Increase op- 
tical power. Photometric measurement Is carried out by 
means of a detector 11 and an emission objective 14. is 
[0103] Absorption measurement is carried out by us- 
ing visible light from below the sample and by means of 
a scattering plate 20. 

[0104] In shadow imaging of UV absorption, the light 
source 1 5 Is a UV light source, the light emitted by which 20 
is directed by means of mirrors 23 and 24 onto the un- 
derside of the sample 17. According to the example of 
an embodiment shown in Figure 1, the light source 15 
comprises four flash lamps 27 which flash at different 
phases. Since the wavelength range of the light emitted . 2S 
by the flash lamps 27 is wide, UV light can be directed 
at the sample 17 by means of the filter 18. Above the 
sample 17 is placed a light wavelength converter plate 
20, which converts the ultraviolet light into visible light, 
the Intensity of which is measured by means of a camera 30 
and which is proportional to the amount of UV light di- 
rected at the converter plate, that Is, it is proportional to 
the absorption of UV light. If necessary, an opal glass 
may also be positioned below the sample 17. In such a 
case the shadow Imaging of UV absorptbn is carried ^ 
out by means of a detector 1 1 and an emission objective 
14. 



EP 0 987 540 A2 

Example 2: 



Example 1 : 



% 



22 



[0105] The light source 15 of the example of an em- 
bodiment shown In Figure 5 comprises four flash lamps, 
where the rotational frequency of the rotating mirror is 
200 Hz. This means that the inten/al between two suc- 
cessive pulses of one lamp is 5 ms. According to the 4$ 
invention, the lamps are controlled so that they flash at 
a 1 .25 ms time difference with respect to each other, 
which means that during one 5 ms period, a total of four 
flashes of light are obtained. The combined pulse fre- 
quency of the lamps achieved with the construction de- so 
scribed in the example is in this case 800 Hz. This is 
four times greater compared with that obtained vyith a 
single lamp. By means of this solution the optical power 
of the light source 15 is quadrupled compared with the 
optical power obtained with one lamp. When even great- ss 
er optical power is required, the number of flash lamps 
can be further increased, for example, to eight flash 
lamps. 



[0106] In the example of an embodiment shown in 
Figures 3 and 4. the speed of rotation of the chopper 1 3 
discs 13a and 13b is 24000 rpm, that is, the rotational 
frequency is 400 Hz, in other words the wheel rotates at 
400 rpm. If the light chopper disc has two apertures 26, 
It will open 48000 times per minute, that is, BOO times 
per second. The opening frequency of the apertures is 
in that case 800 Hz. 

[0107] Since one flash of light emitted by the flash 
lamp should correspond to each aperture of the light 
chopper, the total frequency of the pulse light source 
should also be 800 Hz. This means that in the example 
of the embodiment shown in Figures 4 and 5, it is ad- 
vantageous to modify the light source so that it incorpo- 
rates eight flash lamps flashing at 'l .25 ms inten/als. The 
frequency of each individual lamp is 100 Hz, that is, an 
individual lamp flashes 100 times per second. This 
means that the rotational frequency of the rotating mirror 
should be 100 Hz, or 6000. rpm. During one rotation of 
the mirror, each individual flash lamp is triggered always 
at 1 .25 ms intervals, which means that when the rotation 
is completed, 8 times 1.25 ms, that is, 10 ms have 
elapsed, which corresponds to a frequency of 100 Hz. 
During one rotation in this case eight flashes of light are 
obtained and the combined pulse frequency of the 
lamps is 800 Hz. The frequency of a single lamp is still 
100 Hz. 

[0108] One flash of light from the flash lamp occurs 

during each interval in the opening of the apertures of 
the light chopper, and during the next interval the next 
lamp flashes etc. What is essential is the synchronisa- 
tion between the lamps and the camera. In the device 
relating to the example, one flash occurs between the 
openings of the apertures. The flash of excitation light 
takes place, for example, about 1 0 )xs before the aper- 
ture begins to open. 



40 Example 3: 



[0109] Four apertures in the chopper discs, speed of 
rotation of chopper discs 24000 rpm, flashing Interval 
1 .25 ms/2 = 0.625 ms, eight lamps in the light source, 
speed of rotation of rotating mirror 12000 rpm. 

Example 4: 

[01 1 0] If the sample plate has 384 wells, the excitation 
time is 1 s and the time spent for reading the light inten- 
sity data on the camera's ccd matrix electronically, that 
is, the reading time, is 30 s for a full resolution image, 
then the sample is subjected to 800 excitation light puls- 
es when the overall frequency of the excitation light 
source is 800 Hz. If the sample plate has 1 536 wells and 
volume of a single well is 5 ^il, 8000 excitation light puls- 
es will be required. The measuring time is in this case 
10 s and the reading time 30 s. If the volume of the well 
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is 1 |il and Xher&W^bSS wells in the sample plate. 
40000 pulses are required, that is, a measuring time of 
50 s. A short (reading) time reading, that is, a 2 s fast 
reading, is also possible in all measurements, but in this 
case the noise increases, markedly impairing the end s 
result of imaging. 

[0111] Instead of the mechanical chopper shown in 
Figures 3 and 4, a liquid crystal shutter device, or LCD, 
can also be used. It is, however, slower and its light dim- 
ming capacity is not sufficient for all applications, but It io 
may allow light to pass through, which means that the 
proportion of the disturbing background signals of the 
number of detectable signals increases. Another disad- 
vantage is its sensitivity to temperature, since the wave- 
length band of the light passing through is dependent '5 
on the temperature of the component. 
[0112] The cooled CCD camera (c-CCD) and the light 
chopper can be replaced by an Intensified Charge Cou- 
pled Device, or I CCD camera. Its resolution is, however, 
poorer and its dynamics inferior to those of a c-CCD 20 
camera. 

[01 1 3] On the aperture plane, that is at the location of 
the chopper, a dimmer and shutter may also be substi- 
tuted for it. 

[0114] The chopper 13 discs 13a and 13b may also 25 
be stopped at exactly the desired point, which means 
that the chopper is suitable for luminescence measure- 
ment. 



Example 5: 
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[0115] If the excitation light power is a 0.2 J. / pulse, 
then at a flash frequency of 100 Hz of one lamp, an av- 
erage power of 20 W is obtained for one lamp. If there 
are eight lamps in the device, the average power is 1 60 35 
W. 
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in time. This is^^ro the fact that while arc lamps are 
switched on, there is considerable overpressure inside 
them, which rises the hotter the temperature at which 
the lamp has to operate as it ages, and this causes the 
risk of explosion. With flash lamps, on the other hand, 
there is no such direct risk, or it is at least substantially 
less, because when a flash lamp is switched on. its pres- 
sure is substantially lower than that of an equally pow- 
erful arc lamp and may even be close to normal air pres- 
sure. 

[0118] In the device relating to the invention, the high- 
est power permitted for the flash lamps used is 0.5 J. 
The lamp may, however, be used at a lower voltage, 
which lengthens its service life considerably. This gives 
it a servfce life which is nnany times tonger than that of 
an arc lamp. The same output Is obtained from the 
lamps, but the changing interval is prolonged. This 
means longer service Intervals. Another advantage of 
the device is that even if one or more lamps blow, this 
does not mean that measurement is discontinued. The 
blown lamp is detected by power measurement and 
compensated for by the programme, which means that 
the measuring device will still function well. 
[0119] The device relating to the invention makes it 
possible to obtain an excitation light distribution that is 
uniform in intensity and applicable to the fluorescence 
measurement of macro-size sample plates, which dis- 
tribution it has previously been difficult to achieve while 
striving to keep the duration of measurement within rea- 
sonable limits. 

[0120] It is obvious to a person skilled in the art that 
the different embodiments of the invention may vary 
within the limits of the claims presented below. 



Claims 



Example 6: 

[01 1 6] The chopper disc has four apertures and there 40 
are eight flash lamps in the lamp unit. When the lamps 
are triggered, 0.2 joules of energy are supplied to each 
one in turn. This means that the frequency of each indi- 
vidual lamp is 200 Hz, in other words the overall frequen- 
cy of the entire lamp system is 1600 Hz, which means 4S 
that an average output of 320 W is obtained with the 
lamp unit. 

[0117] Depending on type, the service life of an arc 
lamp is typically about 300 - 1000 h, which means a 
maximum of about 40 days' use, after which the lamp so 
has to be changed. After the said period of use, the in- 
tensity of the lamp has decreased to about a half, and 
at the same time the inner surface of the globe of the 
lamp has typically becorne covered in metal detached 
from the electrodes and other Impurities. A lamp which ss 
has become cloudy on its Inner surface will heat up more 
than its normal use wouid require and may even cause 
a risk of explosion of the lamp if the lamp is not changed 



An imaging device (10) for btochemical or medical 
samples, the said device comprising 

a pulse mode light source (15), which includes 
a flash lamp (27) or a pulsed laser, which pro- 
duces optionally either ultraviolet light, visible 
region light or infrared light, 
a holder (16) for the objects (17) to be inhaged, 
which are sample matrices, gels or biological 
sections, 

a detector ( 1 1 ) f or measuring the object ( 1 7) to 
be imaged, 

means (21 -24) for directing light from the light 
source (15) at the sample (17), 
means (12-14) for directing light from the sam- 
ple (17) at the detector (11). 
and the pulse mode light source (15) comprises 
flash lamps (27) or the like to illuminate and/or 
excite the the object (17) to be imaged, 

characterised in 
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3. 



that theplllWfiocle light source (15) of the im- 
aging device (10) comprises two or more flash 
lamps (27) or the like, which are situated on the 
circumference of a circle, in the centre of which 
there Is one or more mirrors (28, 40a) in an in- 
clined position, 

that the light emitted by the flash lamps (27) is 
directed at the mirror (28) or at the mirrors (40a) 
located principally in the centre of the circle, 
and that the mirror (28) or the mirrors (40a) are 
inclined Into such a position that the mirror or 
mirrors reflect the light emitted by each flash 
lamp (27) principally along the same optical 
path from the mirror (28, 40a) to the sample • 
(17). 

and that the flash ianips (27) can be switched 
on successively in phases or simultaneously. 

An imaging device (10) as claimed In claim 1 , char- 
acterised in 

that the flash lamps (27) of the light source (1 5) 
of the imaging device (10) are situated on the 
circumference of a circle, in the centre of which 
there Is a rotating mirror (28) in an inclined po- 
sition. 

that the light emitted by the flash lamps (27) is 
directed at the rotating mirror (28) in the centre 
of the circle. 

and that the rotating mirror (28) is inclined Into 
such a position that, when the mirror rotates, it 
reflects the light emitted by each flash lamp (27) 
In tum along the same optical path from the mir- 
ror (28) to the sample (17). 

An imaging device (10) as claimed in claim 1 or 2, 
characterised in 

- . that in the light source (1 5) of. the imaging de- 
vice (10) the flash lamps (27) are provided with 
condensing lenses (30), 
that each flash lamp (27) incorporates a trigger- 
ing device for switching the flash lamps on al- 
ternately at the desired moment by phasing, 
that the switching-on frequency of the flash 
lamp (27) corresponds to the speed of rotation 
of the rotating mirror (28), 
and that the flash lamp (27) can be switched on 
at the exact moment when the rotating mirror 
(28) is at that flash lamp, so that the illuminating 
beam emitted from the flash lamp when it is 
. switched on, strikes the reflecting surface of the 
rotating mirror and is reflected on towards the 
sample (17). 

An imaging device (10) as claimed In claim 1, 2 or 
3. characterised in 
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that th^^Ped of rotation of the rotating mirror 
(28) of the imaging device (10) is 6000 rpm, 
which means that one rotation takes 10 ms, 
that the light source (1 5) of the imaging device 
5 (10) comprises eight flash lamps (27), which 

are triggered at 10 ms Intervals, in which case 
the flash frequency of a flash lamp is 100 Hz, 
and that in the light source (15). the flash fre- 
quency of the system of eight flash lamps (27) 
10 is 800 Hz. 

5. An imaging device (10) as claimed in any of the 
claims 1 to 4, characterised in 

IS - that the light source (1 5) of the imaging device 
(10) comprises eight flash lamps (27), the nom- 
inal power of which is 50 W, 
that at a flash frequency of 1 00 Hz. the energy 
supplied to one flash lamp (27) at 10 ms inter- 

20 vals is 0.5 J at each time of triggering, which. 

means that the average power of the flash lamp 
is 50 W. 

and that the average total power of the system 
of eight flash lamps (27) of the light source (15), 
2S is eight times 50 W, that is, 400 W. 

6. An imaging device (10) as claimed in any of the 
claims 1 to 5. characterised in that the light source 
(15) of the imaging device (10) comprises an even 

30 number of flash lamps (27), of which at first only 
. every other lamp is to be triggered in turn, and that 
the other lamps are altemated for triggering in turn 
as desired. 

35 7. An imaging device (10) as claimed in any of the 
claims 1 to 6. characterised in that the light source 
(15) of the imaging device (10) comprises an odd 
number of flash lamps (27), in which case every oth- 
er lamp is triggered while the mirror (28) rotates. 
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8. An imaging device (10) as claimed in any of the 
claims 1 to 7. characterised in that the imaging de- 
vice (10) comprises a tail light chopper (38) which 
cuts off the illumination path leading from the light 
source (15) to the sample (17) at a predetemiined 
moment so that the duration of the excitation light 
emitted from each flash lamp (27) separately to the 
sample (17) is of the desirable length, preventing 
the after-glow of the lamp from disturbing the meas- 
urement. 

9. An imaging device (1 0) as claimed in clairn 8, char- 
acterised in that the tail light chopper (38) of the 
imaging device (10) is arranged to cut ofl the exci- 
tation light 3 - 30 )is, preferably 20 ^s after the mo- 
ment of triggering of the flash lamp (27). 

10. An imaging device (10) as claimed in any of the 
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claims 1 to'^^T^iK^cterised in in that the imaging 
device (10) comprises an emission light chopper 
(13), which is synchronised with the light source 
(15), the flash lamps (27), the rotating mirror (28) 
and the tail light chopper (38) so that they function s 
together in a synchronous manner 

11. An imaging device (10) as claimed in claim 10, 
characterised in that the emission light chopper 

(1 3) of the imaging device (10) is a mechanical ro- * io 
tating light chopper or a liquid crystal shutter device 
(LCD), which is located on the aperture plane of the 
imaging optics (14). 

12. An imaging device (10) as claimed in claim 10 or is 
1 1 , characterised in 

that the emission light chopper (13) of the im- 
aging device (10) is a mechanical rotating light 
chopper which comprises at least two rotating 20 
discs (13a, 13b), which are mainly circular, 
that at least one notch or opening (25) is formed 
on the edge part of each rotating disc (13a, 
13b), 

that the discs (1 3a, 1 3b) rotate in the same di- 2S 
rection and are placed so as to partly overlap, 
and that the rotational movements of the discs 
(13a, 13b) are synchronised with respect to 
each other so that, when the discs rotate and 
the notches (25) in the different discs meet at 30 
the same point, the aperture of the light chopper 
is in the open position. 

13. An imaging device (10) as claimed in claim 10, 1 1 

or 1 2, characterised in that the emission light chop- 3S 
per (13) of the imaging device (10) comprises two 
rotating discs (13a, 13b) on the edges of each of 
which are two notches (25). 

14. An imaging device (10) as claimed in claim 13, 40 
characterised in that the speed of rotation of the 
rotating discs (1 3a, 13b) of the emission light chop- 
per (13) of the imaging device (10) is 24000 rpm, 
that is, the rotational frequency is 400 Hz, in which 
case each disc rotates at 400 rpm, and that there 4S 
■are two notches (25) in each light chopper disc (25), 

the said notches forming an aperture (26) which 
opens 48000 times per minute, that is, 800 times 
per second, in other words the opening frequency 
is 800 Hz. 50 

15. An imaging device (10) as claimed in any of the 
claims 10 to 14, 

characterised in that the rotating discs (13a. 13b) 
of the emission light chopper (1 3) of the imaging de- ss 
vice (10) are situated in an underpressurised space 
filled with air or a small-molecule gas. such as he- 
lium. 
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16. An imaging^^ce (10) as claimed in any of the 
claims 1 to 15, characterised in that the imaging 
device (10) comprises a pulse mode light source 
(15) incorporating two or more flash lamps (27), an 
excitation objective (19), a turning mirror (21), an 
exchangeable mirror unit (22) including a dichroic 
mirror (22a) or a half-transmitting mirror (22b) which 
can be exchanged with one another, an emission ■ 
objective lens system (1 4), an emission light chop- 
per (1 3) and a detector (11 ) which is a cooled CCD 
camera 

17. An imaging device (10) as claimed in any of the 
claims 1 to 16, characterised in that the emission 
objective lens system (14) of the imaging device 
(10) includes a telecentric lens system, on whose 
optical aperture plane is situated a light chopper 
(1 3) synchronised with the rotating mirror (28) of the 
light source (15). 

18. An imaging device (10) as claimed in any of the 
claims 1 to 17,characterlsedinthatthe imaging de- 
vice (10) includes a turning mirror (21) for directing 
light from the light source (15) at the sample (17) 
from above and/or below. 

19. An imaging device (10) as claimed in any of the 
claims 1 to 18, characterised in that the imaging 
device (10) comprises a feedback photodiode (34) 
and a partly reflecting mirror (33), which directs 
some of the light emitted by each flash lamp (27) of 
the light source (15) at the feedback photodiode 
(34). 

20. An imaging device (10) as claimed in any of the 
claims 1 to 19, characterised in that the imaging 
device (10) comprises mirrors (23, 24) for directing 
the light from the fight source (15) through the sam- 
ple (17) to a first plate (20). which is a transparent 
scattering plate used for absorption measurement 
of visible light and UV light, or to a second plate, 
which is a fluorescent converter plate used for ab- 
sorption measurement of UV light. 

21. An imaging device (10) as claimed in any of the 
claims 1 to 19, characterised in that the imaging 
device (10) comprises mirrors (23, 24) for directing 
the light emitted by the light source (15) through the 
sample (17) at an absorption measurement plate 
(20). which is a double-acting measurement plate, 
so that it is simultaneously both a transparent scat- 
tering plate used for absorption measurement of 
visible light and a fluorescent converter plate used 

. for absorption measurement of UV light. 

22. An imaging device (10) as claimed in claim 1 , char- 
acterised in 
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that theHSHMfhps (27) of the light source (1 5) 
of the Imaging device (10) are situated on the 
circumference of a circle, in the centre of which 
there Is a fixed mirror polyhedron (40) formed 
by mirrors (40a), s 
that the mirror polyhedron (40) comprises one 
mirror (40a) for each flash lamp (27), all of 
which are switched on simultaneously, 
and that the light emitted by each flash lamp 
(27) IS directed through a lens (30) towards one 
mirror (40a) of the mirror polyhedron (40), the 
said mirror being inclined to such a position that 
it reflects the light emitted by the flash lamp . 
from the mirror, via the objectives, to the sample 
(17). IS 



23. A method for measuring biochemical or medical 
samples (17) by imaging, according to which meth- 
od 

20 

the object (1 7) to be imaged, such as a sample 
matrix, gel or biological section is illuminated 
and/or excited by means of a pulse mode light 
source (15) by using optionally either ultraviolet 
light, visible region light or infrared light, 2S 
the illumination of the object (1 7) is used as the 
excitation light by means of which a fluores- 
cence phenomenon is produced in the object, . 
the emission light resulting from the phenome- 
non being measured at different points of the 30 
sample by means of the detector (11 ), 
or by means of the light passing through the ob- 
ject (17), the amount of reflection, scattering or 
absorption obtained through the illumination of 
the object is measured at different points of the 3S 
sample, 

and the object (1 7) to be measured or imaged 
is illuminated and/or excited by means of flash 
lamps (27) or the like, 

40 

characterised In 



that in order to make more efficient the illumi- 
nation and/or exitation of the object (17) to be 
measured or imaged, the object is illuminated 45 
by means of two or more flash lamps (27) or the 
like situated on the circumference of a circle in 
the pulse mode light source (15). 
that the light beams emitted by the flash lamps 

(27) are directed at the mirror (28) or at the mir- so 
rors (40a) located principally in the centre of the 
circle in an inclined position, 

that the light beams reflected from the mirror 

(28) or the mirrors (40a) are directed principally 
along the same optical path to the sample (17). ss 
and that the flash lamps of the pulse mode light 
source (15) are switched on successively in 
phases or simultaneously. 
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